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Glacial tieebergs contain Tar: amomts of nitrate, en 


plankton nutriout. Low density iceberg meltwater, in risine, 


euphotic zone water nearby, whorein NO, is in low concentr 


moltvater may also entrain nulricut-rieh Gecper waters and + 
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Ss. Sixteen verlical profiles of nutrients (PO., “WO, SiO,), 


chlorophyll-a, and physical paranmeblers wore tahom near a Cheon land icebord 


at. ~SO°N, SO°W in May-dunce TO80,  Chlovophyd) profiles show 
Inviima at or ict below Lhe iaidimae rate oF chance of water 
profile forms are heberagamous (no "typical" for. is oeyl des: 


ment of chlorophyll conaentration was) found ro distenres fre: 


the iceberg. Nfferts of mixing on NO, concentrations are 


but no wake! or ‘downwind! of Fccts wore observed. he gout. 


to grossly perturb wate: column plant biclouy sears, but 


productivity might show othcvstise, 


icebergs . 


as 


leche rgs, chlorophyll, natrients, melting 


ry pronounced 


). 


ee dt 


No orb tracer 


breebiona 


To 


ttm dy detewteal be 


t 


<a Waste ot 


| 


| 


rans es Se 


Shee hana arteries ie” ot sk wee ees 


PNP ROD. SP LON 


Clacial teeberys are a prominent feature of sowe high-lo title waters. 


Such icebergs contain significant amounts of nitrate (KOOL), ano irportaid 


nutrient for phytoplankton (Parker ct al., 1978). This NO, is apparently 


produced ain the ouker atmosphere (Wilsen and House, 1965; Pavher ot al., 


1978); any NO, that enters the lower atmosphere at high lati:. 


Wos may be 


washed out of the atmosphere in snowfali. Bocause ambient teorccraturcs 


preclude plant growth in some of those areas (e.g. central 


ret yar and 


the Greentand interior), such NO, accumulates in snowpach att essondtually 
, 3 1 y 


reaches the ocean incorporated into glacial doch 
Most annuol Aretic iecberg production melts within oy ois, allhough a 


fow individual Arckie techergs take longer. Muchoof ano dent xgts meLbdmg 


takes place on the surface of the berg whieh ds choy 
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espocially in the surf zone. ATL wetting oT bhergy hits: pro tue t 


by mass wastage: OF Teehergs also takes place Tn othe uprermoot few tens of ti 


of water. Teeberg meLblirac: could tay 


important ofrcets uron aroeth of hyto- 


plankton nearby. Much or most ieohesd veolting takes place c 


of the year, when sunshine: is brightoct, and in areas wher. Grecth rate Of ply- 


toplankton is light-limited rost of th. yoar (Pambar, T9683). ‘vie 


when icebergs are meLling fastest aleo has the calmest weather and strongest 


therrocline development, heace has pdrdueal upeerds mixing of plant nutrderts 


into Ube 


ton few 10s of iv of water (fhe euphatia zone, where rieyvtoplankton 


Ghowdli is porsathble) fron iutrient-rich, but unlit, decpyr waters Thug et 


Teast four Factors soqaucs! the possibility of 
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reeberg oF ce" on wetter 


an 


cobuun bioloyy near melTting Lecherys: (QQ) depth of masini. @ Piine (tlierinren: 
cline to surface); (2) time of year Of Maxine molting (suc: cn, with bright 


sualight); (3) iceberg-horme nutrients (especially NOL); amd (2) pooudbde 


upwards Flow of fresh, Tow density meliwoker, which could onteciu aatriendd- 
rich deeper water and carry nutrients dnuto the cuphotic vam: (see Neshyba, 
1977; Soshergor, 1978). Meltwater from icebergs may contriiiate to tle groms 
vertical temperature and salinity structure of Large areas suet: as the Woadtell 


Soa (huppert and Turner, 1978), and in parts of the ocean where Teoh rgu are 


comeon, biological effects, i£ they cxist, contd have in the aay 
, ’ ia 


nificant cffeetl upon the general bielogy of e Jarge: Urea. 


Ioreport hore on a preliminary seereh for possible steorm: effects of 


iccherg molting on plant biology nearby. 


MATERIALS AND Mi) 


An iceberg ~160 m ain plan-view aie ©, With moxtmun exposed height 
~25-30 m, was located From USCCO Evergreen on 27 Hay LOMO at AGe SON, bueW 
(Pig. 1). The Fvergreen follows] the icebory for several Gays, never wovdirg 
off farther than about 2 km. Sixteci 20-bottle hvdrocasts wore obtetned 
between TILL (local tins) 26 Hay 198 and FL389 QE tume Vso (ig. a, abt. a). 


Cast #¢]o was a partbial failure and is often not included im aneiyses. Nach 


cast went to etther 134 m (Clansen bothtles @ 7m jnterval.: 
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rts: casts E?-16) (Creble bP). On each cast, al] 


v, 


batideu wore sanpbled for chloraplhyt 1-8 concentration (por Stricstamt ane 


H 
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Parsons, 1968). Nansen bottles were shaken before sauples were drawn; 


phytoplankton were vacuum €iltcred onto Whatman Gece glass Fibre falters, 


and chlorophyll was extracted by immersing each filter in 10 m1 of GU. 


acetone/lO. distilled water solution for 24-46 hours at 4°C.  Chloropleyli-a 


was Getormainod with a Turner model 110 flucrometer; samples 
were serially diluted when necessary. 
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Kvery Nansen sample was also analyzed for concenlraetions cf Aissolwed 
phosphate, nitrate, silicate, and nitrite (nitrate Gita are not. treated decre). 
Bach 125 mt saryple was preserved by acidification with OL5 rt of JIM HCE and 


sealed in a washed polyethylene bottle. Chawsicalt arelyur se ve corpler a 


within theres wonths alt Seripps Unstitution of Oceana paphy Piyadical and 
Chomaical Occanographte Data Pacility. NHydrogees.i: dala ow ro obbabmed with 
au.s.C.G. Plessey CHD, Hansen bottles wore Gop toon te ou wines ite 


‘ ’ : 


order to obtein shaultancous CYD/poktle date. 
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Wa established two crossed linus of shetosun , co ute rid ca blow ten 

berg. One Tine oxbended down the Dine of drift, wit statis sa ead oa ' 
and an the wake of the: deehberg: the othr MANA na) Sate ea ee Yd i 
; 
ang des to the first (Fig. 2). Pach ariv ef the petheocu dpebo lel stad teers ab i 

‘near’ (60-109 m), Mmiddte-' (100-300 my, amt Part (200-6 be 2) Gist ences 
4 
(Pig. 2). stations 16) were ocsipted Aaah 20970 mo abead of the i 
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icebery to provida infossslian on coudit tons bsyomd bls influence (i.e., 
convitions). Winds were catm throughout. he iceberg drifted : 
Genevelly casteard for the First 10 stations, then wont south and west: j 
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pmosibtons da Biepiasce Vo oweore obtained with satellite pouvicaticu. 


KRESULAPSS 


Mie CHLOROPHY EE. At all stations there were pronounced chloro nhy Tb mci; 


Wost acecurrea at about 30 4 (e.g. Pig. 3: station IO). Cone utratioans 


above: this abrapl imtxdimua were untform and low reletive to the isaxiium (eld, 


Fig. 3, stations 4-13). On several stations there was a lear second masdicu 
at much qreater dopth (100 i: Fig. 3, station. 2, 3, IS). Ab stations 3 


and 15, chlorophyll concentration ab the door or postipmim was ™ that at the 


¢ 
shallowar maxdrur. Analyses of CTD data, mubyient data, al ceuh reeords 
from dowble-menimun stabttons suggest thet thes dows). aside cre not results 
of sampling problems (e.g. proctripping of Maroon bottle strines:). 
oe Abrupt dincreases in chlorophyll concentrations at te ras 
t 
{ noarly depth -coincident with abrupt changes dm demsity (as atesast: Fig. 4). 


concentration always occurs at or dmniecdiately below tha Aentth of tami were 


tical gradient in sigma-t (Pia. 5 
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| Tn the cleerest profiles (e.g. Fig. 4) the sarcle with the hiciect chloreptyy)} 
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> osee also Shulomborger aint Reid, JOS). 


There was no relation botween bearing to the iceberg and strength of 


chlorophyll iagnimia (Pig. &) ox betwoon bearing and depth of cilerophy1] 


| maniiten (ig. 7). There wes no discernable tendency for ines: asiny Aine 
similarity of chlorophyt) profiles (7> 0.20, Foluogoves Gries oS tenb; Sahat 
apd Roht?, T4690) with Gusrae-ing gtabion co,cration (Tig. &). Phere was no 
tenteney for profiles & noon a partieuls. boaring to be nore similar than 


were profiles taken on different bearinas (Pig. 9). There was mo tendency 
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for samples taken close lop ther dn tins to hive ror: Shieklar pro fles then 


Samples taken further apart in Lin: (Fig. Yo), 


WO, PO, and S10, AVL showed puch lower comeentravions ihove 
than helow the Ppyenocline; all showed sha rp changes in concent ratbban at the 


pyemocline, and all varied sirultancously and in the nome direction (fig. LL). 


1. Nilrake. Concentrations of nitrate in surface samweles Yanged fran 
arity! and aie aa, in: eel: Sg'eetiie <a . PY 


- - +47) . : te ee ; ; 
O.1G to O.86 V1. o.) There was no signifteant correlation betecon sur foc: 


eoncentrution and distance From the Lectern: (Spears Pank 
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covcrelation vy, .081, P>>0.20; Tate end Clo llayei, 2957) 


: (Mig. 12). Pidere 


13 shows no obvious relationships letweews sur Face Cepee 


cptvations and direction 


to the berg, 


At cach station, m:an NO, concentration was catenlated for al] 


Fron above the thermoctine; these values showed ho carrolallon with digte. ow: 


from the Lecherg (ra = 0.25; P>Ol25) (Wig. V4), and re relation te Anveot don 


from the iceberd (Fig. 15). 


«Phosphate and eilteate. For POY and SiO], the sa 
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wore made as for NMO.; similar results wer at Mined. Por beth ££. apd py 
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there vas no sigaifdieait correlation Cooit, po 0.20) botween @istenace to th 
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Peery end cither sucflaces values or res Com citration abave the therein. t 
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For both nutrients neither poava shoe toeny relation to Aireckion fro.a f 


the Ppecher, 


3.0 Nutrients Gn Veeberg tee. Wwo samples Of deeberg ice: were analy ds 


nutrient concentrations were much higher then those da surface water searydeu 


fey 


(allo odm qt V}); 


Toebord somelo 1 Teeberda sar. 
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Table Prresenis the roan of the 


absolute values of changes of Oo, between successive CMD Aarti points "AI, ") 


for cach Som depth increment on cach cast. AL ten (of 16) stakions, Cah deta 


wore obkained both above and below the clove uy)? raxdiens (hele 3). Tn 


eight of those 10 profiles, 


the chlorophy > ranieam cid mosinanal 7 (tA oman") 


coincided or were in adjacent bo m intervals (Table 2). The chteroaptiyt 


mnaxiingea never occurred shallower than did /.4 » There are also six 


(#s 


stations 3, 4, 7, 13, 15) where at Teant two 5 m intervals shillowor 


than 9, mmx were successfully sampled for CVD data. At all six stations, 
the break between At velauas shallower than Joi -aex and AG Hox 3s ayvuapt. 


‘ eat Hes 


(c.g. stations 4, 35), as is the reture to lower can valuss at greater depths 


Table 


3 results 


(ror a cearch for cffeets of distance from the Peo oa 


on depth audi siroagthh of tho break in a2 The three strongest breaks in 


eccur in the three profiles taken clonost to the deeberq. This is probably 


& es ry 
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é oat f : a a 
not due to change (Po. SI/10!8, about 2 x 10 7, given renmde lr stings), and 
4 
: imlicestes a 'distance effeck! upon strength of Jo. (ice., ¢ F ates Of 


: the pyecnoe tine). Phere appears to Le no correlation date. 


AD -pamx ovears aud cither @istance to the dadyeerg (Table 7 
t . 


Shoab whet 


SP See etowepgh ty Or 


4 hoon Me (able 3). There ts no relation between strength of -Inax aid 


to the teeberg (Pig. 16). 
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VED. Mexia chlorophy))} weluos (Wabte DP) bso tan 


= obvious groupss stattoas Pel) and 12-30. Stooltae-' wat : 
\ ' sccm to break dnto tly gene Groups (Peole VT). Banh diftres 


(fate and Clelland, 18257) of water Geoth with) mandruun 


| stations) yives ry “00626 (6D = O01 OS Gas Clit ee a Pe ent hee iL 
: 7 : : A : ' 
a loweved, one may use the aeprtoct Knowledge that Chore ds er civieus group, fs 
\ | } 
‘ oF valnes to furthoxr Investiqvrie the vedlat ions rm There asec 2Gf possibte ; 
R 
‘a rankings of stebions by depth (given uo ties, pox Tuble 1). vise sun of raitis 
(for water depths) of stations 12-16 Eh Mewow Phe GlooF thos UGt possthte | 
3 
. . 4 - . ‘ ! 
rankings could heve produced oo smiyof vriotia £37 for those ptecious, lene j 
; { 
D>. ther parton thet os aa Cebrenrs oint Occurs dine to rand: is 
Be : 
4 ’ 7 —~sy . . 4 
| cacendingly sa:th (Pp. 20GE/IGIH), ~~ @ ~ Le). Rankine deyeth oo: 4 Widnein 
| Chlorophivil values only eithi . statiomi TeVb gives yo 0.585 (noosiqai fi - 


cent, PoP O20). this sugqesis that the dept 


hechlorophy)) ov Vabioushtp is 
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dinteed Gichotonous (por Table 1) rather than Tinear, and the! ateount att 
significance seen in the overall data set (i.c., ran “0.626, P-OL0L) ts 
c 
can ed dey the dichotony. 
is 
a 
The five lowest valucs Of integrated chlorophyll) (ise., pera” surface 
H 
) ; i 
area From § to eee are stations 12-16 (fable 1). Given the two a-priori : 
hed. ears si calial pp fe ae ge - 4 
groups (above), the probability of getting Yo ranks - 15 for ctations 12-16 
with vandom rankings is SI7LOb (p~G x 10 cE) Re | early the twe groups 
' suygestod by maximua chlorophyll values (feble 1) are real. 


Total water-column chioerophyl]) and maxirsm chlorophy)l) wilte: at oa 


station are closely related (16 stations: or, = 0.01, PS<O.01): whatever 
a 


is causing veriation. is chlorophyll concentrations apres to be afferntin ; 
the chlorophyll) ot ructure of the eubire water colum in a ee vierent isn 
This; efkEect as probably not a siwole functia: Of sax paren: coy relates? to 


water Gopth, because the rank correlation of mestime: chloro: yl) value wit 


oy 


| water depth is only marginally significant (rc 0251, Ps 0.95). Doplla o 
: a 
Ai ; 
ey not so clearly dichotomized (Yable 12) as are masteun chloroiyvll values and 
d rr : 


2 intFagreted chlorophyll totals (Table J). 


Theres was no obvious changes iu non-oceanodrapiic factors (e.g. whid, 
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station plan, observational) teche times) viel can account Fou the shenyy 


between-groun Gichnotomien in chiora,Svll. VP also seems unlikely that any 
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= changs in deeberg behavior could acesust For the dichotomies: changes: in 


hydro yraphy (betow) apocar to be more likely candidates. 
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